The telomerase RNA in yeasts is large, usually > 1, 000 nt, and contains functional elements 1 that have been extensively studied experimentally in several disparate species. Nevertheless, they 2 are very difficult to detect by homology-based methods and so far have escaped annotation in the 3 majority of the genomes of Saccharomycotina. This is a consequence of sequences that evolve rapidly 4 at nucleotide level, are subject to large variations in size, and are highly plastic with respect to 5 their secondary structures. Here we report on a survey that was aimed at closing this gap in RNA 6 annotation. Despite considerable efforts and the combination of a variety of different methods, it 7 was only partially successful. While 27 new telomerase RNAs were identified, we had to restrict our 8 efforts to the subgroup Saccharomycetacea because even this narrow subgroup was diverse enough to 9 require different search models for different phylogenetic subgroups. More distant branches of the 10 Saccharomycotina still remain without annotated telomerase RNA. 11
these clades [22] [23] [24] . The TERs known for Saccharomycetes, the relatives of budding yeast, on the Following this approach, we could localize TER regions for several members of the The scope of the synteny-based approach is limited because fungal genomes are subject to frequent 147 genome rearrangements at the time-scales of interest. We therefore attempted to identify candidate 148 regions containing the template sequence for the telomere repeats. (See [51] for a comprehensive 149 review of the characteristics of different telomeric repeats.) In genomes for which these sequences 150 have not been reported, we searched chromosome ends for telomeric repeats. Unfortunately, most 151 genome assemblies are not on chromosome level or do not include the telomere regions, hence we 152 only succeeded to newly identify the template region of Ashbya aceri and Eremothecium cymbalariae this 153 way. For the latter species, the pertinent information is available in [52] , although the telomeric repeat 154 is not explicitly reported. In addition, we used the published telomere sequences from the telomerase 155 database [43] . 156 We used the concatenation of two copies of telomeric repeat sequence as query for a blast [ were then filtered for E-values (E < 0.1), a minimum alignment length of 25nt and a minimum identity 171 of 60%. In addition, all hits on known telomeric regions were excluded. From the hits in genomes 172 with known TERs we computed the empirical false positive rate and found that the alignment length 173 proved to be the most informative parameter. It has therefore been used to evaluate the reliability of 174 hits, given their score.
175
The blast pipeline also contributed to the identification of the TER boundaries in some of the 176 unannotated genomes. In cases were we initially chose the boundaries of our queries too generously 177 and included neighboring coding regions or regulatory elements, the blast pipeline returned "false 178 positive" hits. Thus, whenever multiple false positive hits in the beginning or the end of the query 179 sequence occurred, we rechecked and, if necessary, improved the boundaries of the TER region. shows that the larger set of queries identifies many additional connections and thus improves the 262 situation at least within the Saccharomycetacea. Even within the clade, however, we have been unable 263 to confirm the candidate hits in Kasachstania. The tree in Figure A1 indicates longer branch lengths 264 leading to Kasachstania; it appears that the accelerated evolution of these genomes is already sufficient 265 to hide the TER genes from our homology search methods.
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While the direct sequence-based search against complete genomes was not very successful, we 267 observed that the synteny-based approach worked remarkably well. This is not entirely unexpected, 
275
The study presented here was largely conducted using publicly available tools complemented by 276 some custom scripting. It also highlights the need for customized tools to conduct difficult homology 277 searches. In particular, specific alignment tools and viewers to efficiently evaluate the synteny-based 278 candidates relative to known template sequences and alignments of the better conserved regions 279 would facilitate the manual curation efforts, which we found to be indispensible. Complementarily, a phylogenetically dense sample of TERs that are sufficiently similar to support 287 global sequence aligments might help to better understand the rapid divergence of TER sequences.
288
This may be helpful not only to identify informative features for machine learning applications, but 289 may also help to design modified sequence comparison algorithms that better reflect the peculiarities 290 of rapidly evolving long non-codign RNAs. In this contribution we have provided such a set of TERs 291 for the Saccharomycetaceae. Table 1 . 
